Abstract Adherence to recommendations for monitoring of metabolic side effects of antipsychotic medications has been historically low. This randomized controlled trial tested whether a computerized, patient-centered intervention that educated Veterans with serious mental illness about these side effects and encouraged them to advocate for receipt of monitoring would increase rates of monitoring compared to enhanced treatment as usual. The mean proportion of days adherent to monitoring guidelines over the 1-year study was similarly high and did not differ between the intervention (range 0.81-0.98) and comparison (range 0.76-0.96) groups. Many individuals in both groups had persistent abnormal metabolic parameter values despite high rates of monitoring, contact with medical providers, and receipt of cardiometabolic medications. Participants exposed to the intervention were interested in receiving personalized information about their cardiometabolic status, demonstrating the preliminary feasibility of brief interventions for enhancing involvement of individuals with serious mental illness in health care decision making.
Introduction
Individuals with serious mental illness experience higher rates of morbidity and premature mortality than the general population (Colton and Manderscheid 2006; Angst et al. 2002; Saha et al. 2007) , which has been shown to be largely attributable to the increased prevalence of cardiovascular disease Osby et al. 2000) conferred by high rates of overweight and obesity (Allison et al. 2009; Kilbourne et al. 2009; Morden et al. 2012) , Type 2 diabetes (Dixon et al. 2000) , and metabolic syndrome Mitchell et al. 2013) . While these medical conditions may be linked to lifestyle-related behaviors including physical inactivity (Brown et al. 1999) , poor nutrition (Brown et al. 1999) , and high rates of cigarette smoking (Dixon et al. 2007) , several lines of evidence suggest that weight gain and other metabolic side effects including glucose dysregulation and lipid abnormalities associated with antipsychotic treatment may also increase cardiovascular risk in these individuals (Lieberman et al. 2005; Newcomer 2007; Rummel-Kluge et al. 2010) .
Despite the proliferation of clinical guidelines that recommend regular monitoring of weight and other metabolic parameters in all patients prescribed antipsychotic medications (American Diabetes Association 2004; Marder et al. 2004 ), a review of 48 studies in five countries showed adherence to these recommendations to be low (Mitchell et al. 2012) , going above 50 % only for monitoring of blood pressure (70 %) and triglycerides (60 %) before the guidelines were released. After the guidelines were published, monitoring for glucose (56 %) and lipids (29 %), in particular, remained suboptimal (Mitchell et al. 2012 ). In the Department of Veterans Affairs (VA) healthcare system, physical and mental health services are largely integrated, laboratory services are mostly available on-site, test results are accessible by all health providers via the electronic medical record, and recommendations for metabolic monitoring are included in VA-specific clinical guidelines; yet, rates of monitoring still fall short. For example, a recent study in 32 VA facilities showed that while 67 % of Veterans had their weight measured within 30 days of receipt of a new antipsychotic prescription, only 50 % received follow-up monitoring 60-120 days later. Provision of baseline and follow-up monitoring was much lower for glucose/hemoglobin A1c (46 and 27 %) and LDL cholesterol (32 and 16 %) (Mittal et al. 2013 ). Efforts to improve monitoring of metabolic side effects of antipsychotic medications that go beyond passive dissemination of guidelines, which has been shown to be ineffective in changing physician behavior more generally (Giguère et al. 2012) , are clearly needed.
The burgeoning recovery movement transforming mental health services in the U.S. emphasizes consumer and family involvement in mental health care (New Freedom Commission on Mental Health 2003), and the Institute of Medicine's report, ''Crossing the Quality Chasm'' included patient-centeredness as an essential component of quality care (Institute of Medicine 2001) . Two aspects of patient-centered care have been linked to positive health outcomes. The first involves development of knowledge and skills for self-management of chronic illnesses that facilitate patients' active participation in their own care (Mead and Bower 2000) . Evidence suggests that efforts to incorporate patients' perspectives and to encourage greater involvement in care (patient activation) results in greater adherence to treatment regimens, more effective disease self-management, better disease control, and greater patient satisfaction (Stewart et al. 2000) . The nature of the clinician-patient relationship or therapeutic alliance is a second key dimension of patient-centered care (Stewart et al. 2014) . Many studies document the role of patient-physician communication in improving patient outcomes, with patient-centered communication having positive effects on satisfaction, adherence to recommended treatment, and health status (Stewart 1995) .
A number of programs to improve monitoring for the metabolic adverse effects of antipsychotic medications that go beyond passive dissemination of guidelines have been described (Barnes et al. 2008; Schneiderhan et al. 2009; Nicol et al. 2011; Thompson et al. 2011; DelMonte et al. 2012; Ramanuj 2013; Velligan et al. 2013) . These programs included interventions for clinicians or clinics comprised of one, and often multiple, components including educational sessions (Barnes et al. 2008; Nicol et al. 2011; Thompson et al. 2011; Ramanuj 2013; Velligan et al. 2013) , posting of printed educational materials (Barnes et al. 2008; Thompson et al. 2011; Ramanuj 2013) , audit and feedback on monitoring practices (Barnes et al. 2008; Nicol et al. 2011; Ramanuj 2013) , paper reminders about monitoring placed in medical charts (Nicol et al. 2011; Thompson et al. 2011) , computerized reminders about monitoring at the time of antipsychotic prescribing (DelMonte et al. 2012) , and provision of implementation tools (e.g., monitoring equipment) (Thompson et al. 2011) and other delivery system and procedural interventions (e.g., hiring of a medical assistant charged with ensuring labs were drawn and results presented on a metabolic tracking form, implementation of a pharmacist or nurse-led metabolic monitoring clinic) (Schneiderhan et al. 2009; Velligan et al. 2013) . Although shown to be effective in increasing rates of metabolic monitoring, these interventions consisted predominately of quality improvement programs evaluated with non-randomized designs in small samples, only some of which included comparison groups (Nicol et al. 2011; DelMonte et al. 2012; Velligan et al. 2013 ). In addition, none of these interventions targeted individuals with serious mental illness as potential agents of change in improving rates of metabolic monitoring within a patient-centered care framework. The objective of the current study was to conduct a randomized controlled trial of a computerized, patient-centered intervention aimed at educating Veterans with serious mental illness about the metabolic side effects of antipsychotics and encouraging them to advocate for receipt of guideline-recommended side effect monitoring. It was hypothesized that rates of metabolic monitoring would increase in Veterans exposed to the intervention relative to a comparison condition. It was further hypothesized that exposure to the intervention would lead to follow-up metabolic monitoring and receipt of medical services in Veterans identified as having abnormal metabolic parameter values.
Methods

Setting and Design
The study was a randomized controlled trial conducted at two VA outpatient mental health clinics in the U.S. MidAtlantic region, one serving a predominately metropolitan area and its surrounding suburbs and the other serving a relatively rural area. Veteran and prescriber participants provided written informed consent and were enrolled in the study between March 2010 and October 2011. The Institutional Review Board of the University of Maryland School of Medicine approved the study.
Participants
Veteran-participants were eligible for the study if they were 18-70 years of age, diagnosed with a psychotic disorder [schizophrenia, schizoaffective disorder, psychosis disorder not otherwise specified (NOS)], bipolar disorder, major depression, or post-traumatic stress disorder (PTSD), were currently prescribed one or more oral or injectable secondgeneration antipsychotic (SGA) medications available at baseline (aripiprazole, clozapine, olanzapine, quetiapine, risperidone, ziprasidone) by a psychiatrist or nurse practitioner (NP), had at least two outpatient visits with the prescribing psychiatrist/NP in the past year, were deemed by the prescriber to be clinically stable to participate in the study, and had at least a fourth grade reading level. Additionally, Veterans were only eligible if they and their prescribers both agreed to have one research visit audio taped for the evaluation of patterns of patient-clinician communication around screening for metabolic side effects. Veterans with diagnoses of dementia or other organic brain syndrome or traumatic brain injury were excluded from participating. Figure 1 shows the screening and enrollment process as specified by the Consolidated Standards of Reporting Trials guidelines (Schulz et al. 2010) . Among 1512 Veterans screened for eligibility, 630 (42 %) met inclusion criteria and were approached for participation in the mental health clinic or via recruitment letters mailed to their homes. A total of 431 (68 %) responded to a letter or were contacted in the mental health clinic; compared to those who could not be reached (n = 199), those who responded were significantly older (55 ± 9 vs. 53 ± 11 years of age; p = 0.013) but did not differ by gender (p = 0.11).
Among those who responded to the letter, 191 refused to participate in the study or attempts to schedule an enrollment interview were unsuccessful. A total of 240 (56 %) provided written informed consent after receiving a complete study description. Veterans who consented to participate were significantly younger (54 ± 8 years) than those who refused to participate or were unreachable (56 ± 9 years) (p = 0.023) but did not differ by gender (p = 0.38). Reasons for refusing to participate included not being interested (81 %), not having time (6 %), not being comfortable (2 %), and other reasons (11 %) such as lack of transportation, distance, and medical issues. One participant randomized to the intervention condition was administratively withdrawn from the study and analyses due to inadvertent exposure to the control condition, leading to a final sample size of 239. All 21 prescribers (13 psychiatrists, 8 NPs) who were approached for the study agreed to participate and provided written informed consent. On average, each prescriber had 11 patients participating in the study (range 3-21).
Randomization
To balance the effect of prescribers on outcomes, the study sample was stratified by prescriber (21 levels). Random allocation to the two conditions was in blocks of size two or four within prescriber with block size determined randomly. Further stratification by more variables would have led to sparse strata.
Description of Intervention
The intervention for this study was an educational program on the metabolic side effects of antipsychotic medications and the recommended frequency of monitoring presented to the participant on a touch screen laptop computer immediately prior to a visit with the psychiatrist or NP prescribing their antipsychotic medication. The computer intervention contained several attributes consistent with the principles of patient-centered care. First, it educated participants about six metabolic parameters potentially affected by antipsychotic medications (weight, blood pressure, blood sugar, LDL cholesterol, HDL cholesterol, and triglycerides) and the potential health impact of aberrant values using information derived from widely available patient education materials from the American Diabetes Association and the American College of Cardiology.
Second, the program provided the participant with personalized feedback on the extent to which their care adhered to metabolic monitoring recommendations (American Diabetes Association 2004; Marder et al. 2004) . In this study, we evaluated whether monitoring of weight and blood pressure occurred every 3 months, whether monitoring of fasting blood glucose or glycosylated hemoglobin (HbA1c) occurred once yearly, and whether a lipid panel (LDL cholesterol, HDL cholesterol, triglycerides) was drawn every 2 years, consistent with expert recommendation for frequency of metabolic monitoring. Each participant's monitoring history was obtained from the electronic medical record and the most recent date of monitoring (if any) ordered by any VA clinician for each parameter was inputted into the computer program before each antipsychotic prescriber visit.
For those individuals who had received metabolic monitoring at the recommended interval, the program displayed the results of the most recent test along with a brief interpretation of the results. For those who had both fasting blood glucose and HbA1c measured on the (same) most recent date of monitoring, the HbA1c value was displayed and interpreted. Abnormal values for each metabolic parameter are described in the footnote for Table 1 ; consistent with clinical guidelines, abnormal values for blood pressure, fasting blood glucose/HbA1c, and LDL cholesterol differed for participants with versus Table 1 Baseline characteristics of study participants in the computer intervention and enhanced treatment as usual (ETAU) groups Psychiatric symptoms a BASIS-24 overall score 1.3 ± 0.7 1.3 ± 0.7 1.4 ± 0.7 BASIS-24 emotional liability subscale score 1.8 ± 1.1 1.9 ± 1.1 1.8 ± 1.1 BASIS-24 psychosis subscale score 1.0 ± 1.0 1.0 ± 1.0 0.9 ± 1.0 BASIS-24 substance abuse subscale score 0.4 ± 0.7 0.4 ± 0.6 0.4 ± 0.7
Number of psychiatrist/nurse practitioner (prescriber) visits, past year c 7.4 ± 4.5 7.8 ± 5. without diabetes, which was ascertained prior to their first exposure to the intervention. Third, the program encouraged participants to begin a dialogue with their prescribers about getting monitored or talking about the results of monitoring, regardless of whether they had received the recommended tests or not, and even if their test results were normal. To further activate participants to speak with their prescribers, at the end of the program they were given the option of printing out a summary of their monitoring status and the test results that were reviewed with them in the program. This summary included education about the frequency of recommended monitoring, personalized information on their monitoring status, and a message encouraging them to speak with their prescriber about monitoring. Two copies of the report were provided so that they could keep one and give one to their prescribers in order to facilitate a conversation.
The intervention was developed using web-design principles shown in previous research to reduce cognitive burden and enhance usability in individuals with serious mental illness (Rotondi et al. 2015) . The program was audio-assisted so all of the text on the screen was read aloud to the participant. It was delivered on a touch-screen tablet computer so that participants did not need to have experience using a computer or a mouse to navigate through it. The program required very few navigational decisions, except to progress forward or backward through pages, and with audio prompts to advance to the next slide. Each page presented one idea using language that was simple, but explicit, and contained no distracting graphics. To further reduce cognitive load, pages that provided additional educational information about the metabolic side effects and recommended frequency of monitoring were optional only and appeared only one level below the main pages.
Description of Comparison Condition
Individuals in the comparison condition, enhanced treatment as usual (ETAU), received a printed educational pamphlet, which, like the computer program, provided a brief explanation of each of the metabolic side effects and the recommended frequency of monitoring for each. Unlike the computer program, the pamphlet did not provide participants with any personalized information on their monitoring status or the results of any metabolic monitoring tests.
Study Participation
In both conditions, participants continued to receive their mental health and medical care as usual at the VA. The computer intervention or ETAU was delivered to participants up to 3 times over a 1-year exposure period, but no more frequently than every 4 months and only at times that corresponded with regularly scheduled visits with their prescriber. These visits occurred in a private room adjacent to the prescriber's waiting room immediately prior to the visit with the prescriber. Over the 1-year period, 113 (95 %) and 115 (96 %) participants had at least one exposure, 94 (79 %) and 99 (83 %) had at least two exposures, and 53 (45 %) and 61 (51 %) had three exposures to the computer * X 2 = 4.56, df = 1, p = 0.033, ** X 2 = 4.14, df = 1, p = 0.042, *** X 2 = 4.28, df = 1, p = 0.039 intervention or ETAU, respectively. Six participants in the computer condition (5 %) and 5 (4 %) in the control condition had no exposures (see Fig. 1 ). For those in the intervention condition, the computer program compiled a report on participants' use of the program. This report included the length of viewing for the entire session as well as for each individual page, which enabled us to characterize whether participants viewed any of the optional pages with additional educational information on each side effect. The program also recorded whether the participant chose to print out the optional summary report of their monitoring status and test results at the end of each session. Because of infrequent malfunctions in the system, one or more computer use reports were obtained for 111/113 (98 %) participants with at least one exposure to the computer intervention.
Completion of the Study
A total of 38 participants did not complete the study (Fig. 1) . Twenty-two (11 in each condition) participants became ineligible when their antipsychotic medication was discontinued by their prescriber while they remained in treatment. Ten participants became ineligible because they were no longer participating in outpatient care: 3 (2 intervention, 1 control) were incarcerated,1 had an extended inpatient hospitalization (intervention), 3 moved (1 intervention, 2 control), and 3 (1 intervention, 2 control) missed visits with their prescriber and the antipsychotic prescription expired. Two participants voluntarily withdrew (intervention condition) and 4 died (2 in each study condition). All available data from these participants including that from the chart review up until their antipsychotic prescription was discontinued or expired or until they were lost to follow-up, as described in Fig. 1 , were used in the intent-to-treat analyses.
Assessments and Measures
After consent was obtained, and prior to randomization, all participants completed a baseline interview, during which demographic characteristics (age, gender, race, marital status, education level, work status) and psychiatric symptom severity were ascertained. Psychiatric symptom severity over the past week was measured by the average score of the 24-item, self-report revised Behavior and Symptom Identification Scale (BASIS-24), which has demonstrated adequate validity within individuals with serious mental illness (Eisen et al. 2004) . Responses are rated on a 5-point scale (0-4), with higher scores representing greater symptom severity. Chart reviews were conducted to capture information on dates and results of metabolic monitoring for the six aforementioned metabolic parameters, number of outpatient visits with the antipsychotic prescriber, numbers of outpatient visits with primary care and cardiometabolic-related specialty care providers, numbers of psychiatric and medical hospitalizations, primary psychiatric diagnosis, diagnoses of selected cardiometabolic medical conditions (diabetes, hypertension, dyslipidemia, coronary artery disease), and information on the type and dates of prescribing for all antipsychotic, diabetes, antihypertensive, and cholesterol medications. Outcome variables constructed from the chart review data such as proportion of days adherent to metabolic monitoring guidelines and frequency counts of service utilization were defined over a 365-day 'observation' period beginning with the participant's date of first exposure to the computer intervention or ETAU. Observation periods were anchored to the date of the baseline interview for participants never exposed to the computer intervention or ETAU. For 39 participants, observation periods were truncated to less than 365 days due to their antipsychotic being discontinued/the prescription expiring or they were lost to follow-up (see Fig. 1 under ''Chart Review'').
Data Analysis
Frequency tables and histograms were used to examine variable distributions and check for potential errors. Participants randomized to the two treatment groups were described and compared on selected baseline variables. Chi square or Fisher's exact tests and t tests were used to test for imbalances in these variables that may have occurred between treatment groups despite randomization. Variables with significant (p \ 0.05) treatment group differences were entered into primary analysis models for covariate adjustment.
To test the first hypothesis that there would be greater adherence to metabolic monitoring guidelines in the computer intervention group versus the ETAU group, the proportion of days adherent to guidelines was calculated for each of the six metabolic parameters (see Description of Intervention for guidelines) for each participant during their observation period. For each metabolic parameter, the mean proportion of days adherent between the two treatment groups was compared using generalized estimating equations (GEE) (Liang and Zeger 1993) with identity link function and Huber-White (Huber 1967 ) standard errors to account for clustering of observations due to patients having common prescribers. Following the intent-to-treat principle, all randomized participants were included in these analyses (and in the analyses below for the second hypothesis) including participants who were never exposed to their assigned intervention. In sensitivity analyses, the models were re-fit after excluding the 39 individuals whose observation period was less than 365 days after their first exposure to the computer intervention or ETAU.
The second hypothesis specified that participants in the computer intervention group with abnormal metabolic values would be more likely than those in the ETAU group to receive follow-up metabolic monitoring and selected medical services during the observation period. To test this hypothesis, participants with abnormal metabolic parameter values (excluding BMI) that occurred up to 1 year prior to their first exposure to the computer intervention or ETAU were identified. For those participants with abnormal values, the following four variables were defined over their observation period and constructed from the chart review data (as discussed in the Assessments and Measures section): (1) an indicator of whether any follow-up monitoring was conducted; (2) an indicator of whether the result of the most recent follow-up monitoring was abnormal; (3) an indicator of whether the participant had any primary care or cardiometabolic-related outpatient visits; and (4) the number of primary care or cardiometabolic-related outpatient visits. Logistic regression was used to compare the treatment groups on the first three indicators, and negative binomial regression was used for the fourth indicator to account for extra-Poisson variance in this count variable. These analyses were performed on only subsets of the full sample who had metabolic monitoring prior to their first exposure to the intervention/ETAU recorded and whose values were abnormal, resulting in smaller sample sizes that precluded the use of GEE. Instead ordinary generalized linear models were used. In sensitivity analyses, the models were re-fit after excluding the 39 individuals who had less than 365 days of observation after their first exposure to the computer intervention or ETAU.
Results
Patient characteristics of the total sample and by treatment group are provided in Table 1 . Overall, the sample had a mean age of 54.3 years, was 89 % male, and 47 % white. Primary psychiatric diagnoses were: 30 % with schizophrenia/schizoaffective disorder/other psychosis, 32 % with bipolar disorder, 26 % with major depression, and 12 % with post-traumatic stress disorder (PTSD). The percentage of participants prescribed the six SGAs available at baseline ranged from 1 % for clozapine to 33 % for quetiapine (some were prescribed more than one SGA and some received a first-generation antipsychotic concurrently). Participants averaged seven visits with their prescribers over the past year and had relatively low levels of psychiatric symptoms, with only 12 % having had an inpatient psychiatric hospitalization.
Participants averaged three primary care visits over the prior year. Many had diagnoses of diabetes (29 %), hypertension (62 %), and dyslipidemia (46 %) and were prescribed medications for these conditions. Treatment groups differed on the percentage with dyslipidemia (p = 0.033), coronary artery disease (p = 0.042), and prescribed a diabetes medication (p = 0.039), all higher in the computer intervention group. These variables were therefore adjusted in all regression analyses comparing the two treatment groups. Table 2 presents the mean proportion of days adherent to monitoring guidelines for the six metabolic parameters in the total sample and each of the treatment groups. The mean proportion of days adherent in the total sample was high, ranging from 0.94 to 0.97 for LDL and HDL cholesterol, triglycerides, and blood glucose/HbA1c. Mean proportion of days adherent was somewhat lower for weight (.79) and blood pressure (.81) monitoring. No significant differences were found between the two treatment groups in the proportion of days adherent to monitoring guidelines for any of the six metabolic parameters. After excluding the 39 individuals without the full 365-day observation period, the results were unchanged. In addition, there was no effect of the intervention (all p's ranging from 0.448 to 0.640) in the subsample of 50 individuals without co-occurring diagnoses of Type 2 diabetes, hypertension, or dyslipidemia for which monitoring of the same metabolic parameters that were the target of the intervention is routinely completed. a In analyses adjusted for diagnosis of dyslipidemia, diagnosis of coronary artery disease, and prescription of diabetes medication, there were no significant difference between the groups Substantial numbers of participants had abnormal values for each of the metabolic parameters at the monitoring nearest in time to their first exposure to the computer intervention/ETAU (or baseline for those with no exposures) ( Table 1 ). The median (interquartile range) number of days between the date of the most recent monitoring and the date of first computer intervention/ETAU exposure (or baseline) was: weight: 4 (0-42) days, blood pressure: 11(0-42) days, fasting blood glucose/HbA1c: 63 (21-132) days, and lipid profile (LDL and HDL cholesterol/triglycerides): 97 (35-182) days. Overall, 86 % (206/239) of the sample was overweight or obese, 53 % (118/223) had low HDL cholesterol, 51 % (118/232) had increased fasting blood glucose/HbA1c, 39 % (93/238) had elevated blood pressure, 37 % (84/225) had elevated triglycerides, and 22 % (48/220) had increased LDL cholesterol.
For each metabolic parameter except weight, Table 3 presents summary statistics for the four indicators of follow-up monitoring and care for the participants in each treatment group who had an abnormal value for that parameter on or prior to their first exposure to the computer intervention/ETAU (or baseline). In the overall sample, 82-94 % of participants with abnormal values for any of the 5 parameters received follow-up metabolic monitoring, and these values continued to be abnormal in 48-76 % of participants. Overall, 83-85 % of participants with abnormal values had at least one outpatient visit with a primary care or cardiometabolic care-related provider, averaging approximately three visits over their observation period after the initial abnormal finding/s. There were no significant differences between the treatment group subsamples on any of these outcomes. Results were unchanged in sensitivity analyses after removing any of the 39 participants without the full 365-day observation period from each subset of participants with abnormal metabolic values.
With regard to usage of the computer intervention, the average duration of total viewing time was 11.3 ± 5.6 min per session. Among the n = 111 individuals with at least one computer use log available for analysis, the percentage who viewed optional supplemental information on the six metabolic parameters ranged from 34 % for blood sugar/ HbA1c to 44 % for obesity. The overall percentage of visits in which participants printed out their metabolic monitoring summary reports was 63 %.
Discussion
This paper reports the results of the first randomized controlled trial of an intervention developed to increase rates of monitoring for the metabolic side effects of SGAs in individuals with serious mental illness. The brief, patientcentered, computer-delivered intervention informed patients about the extent to which their care was consistent with expert recommendations for side effects monitoring and prompted them to communicate with their prescribers about either receiving monitoring or discussing the results of such monitoring. Contrary to the first study hypothesis, the intervention did not increase the proportion of days participants' care adhered to metabolic monitoring recommendations relative to a comparison group provided educational pamphlets. However, in the two VA clinics in which the study was conducted, rates of monitoring were notably higher than that previously reported in both VA and non-VA settings (Mitchell et al. 2012; Mittal et al. 2013) , exceeding 75 % for weight and blood pressure and 90 % for blood glucose and lipids in both treatment groups. While not in place when the study was proposed, local quality improvement efforts, including prescribers receiving automatic reminders about monitoring at the time of SGA prescribing as well as personalized feedback on their rates of monitoring, were subsequently implemented in both clinics independent of the study and were in effect throughout its duration, thereby contributing to a significant ceiling effect for this outcome. This suggests that activating patients regarding prescriber activities (i.e. ordering monitoring labs, providing follow up) may be less necessary in settings in which clinicians and systems that support them are fully activated. Whether or not this intervention can enhance rates of metabolic monitoring in other VA or non-VA treatment settings that lack such programs and that do not already have high rates of monitoring merits further investigation. The impact of the intervention on other facets of patient-centered care, including communication patterns between patients and prescribers, will be addressed in a separate report.
Consistent with the growing number of reports of increased cardiovascular risk in individuals with serious mental illness, including major depression (Rethorst et al. 2014) and PTSD (Heppner et al. 2012) , most participants in this study were overweight or obese, and anywhere from one quarter to one half of them possessed abnormalities in blood pressure, blood glucose, and lipids suggestive of an increased likelihood of metabolic syndrome. With regard to the second study hypothesis, the computer intervention did not differentially impact receipt of or the results of followup metabolic monitoring, or receipt of relevant medical services, in Veterans identified as having abnormal metabolic parameter values. While it is encouraging that the vast majority of participants in both groups received additional metabolic monitoring following an abnormal result, close to half or more of these follow-up tests remained abnormal. This occurred despite Veterans in both groups having a relatively high level of contact with both mental health and medical providers, including prescription of medications for diabetes, hypertension, and dyslipidemia. These findings suggest several avenues of additional research. Because such high rates of monitoring did not translate into more favorable metabolic profiles as might have been expected, more work is needed to better understand the utility of metabolic side effect monitoring of SGAs as an indicator of quality care. Further, because signficant cardiovascular risk persisted in study participants despite relatively frequent contact with mental health and medical care providers and receipt of medication treatments for cardiometabolic conditions, future research No. of primary care or cardiometabolic-related care outpatient visits 118 3.1 ± 3.2 63 3.4 ± 3.9 55 2.8 ± 2.0 No. of primary care or cardiometabolic-related care outpatient visits 93 3.3 ± 3.1 45 3.7 ± 3.5 48 2.9 ± 2.7 No. of primary care or cardiometabolic-related care outpatient visits 118 2.9 ± 2.7 62 3.1 ± 3.3 56 2.8 ± 1.8 No. of primary care or cardiometabolic-related care outpatient visits 84 3.2 ± 3.3 41 3.4 ± 3.8 43 3.0 ± 2.9
Within up to 1 year after first exposure to computer intervention or ETAU a In analyses adjusted for diagnosis of dyslipidemia, diagnosis of coronary artery disease, and prescription of diabetes medication, there were no significant differences between the sub-samples with elevated metabolic parameters
should investigate the quality of the medical care being provided, whether other cardiovascular risks prevalent in these patients (e.g., cigarette smoking, poor nutrition, sedentary lifestyle) are being properly addressed, and the extent to which patients understand and adhere to prescribed treatments. Subsequent versions of the patient-focused intervention described herein are likely to require going beyond prompting about receipt of metabolic monitoring to include strategies for improving abnormal metabolic parameters and addressing other cardiometabolic risks. Study findings suggest that individuals with serious mental illness are interested in obtaining personalized information about their cardiometabolic status and thus appear receptive to such interventions. Up to 40 % of study participants elected to view optional educational information on one or more of the metabolic parameters addressed in the program. Further, when given the option, over 60 % of participants chose to print summary reports of their metabolic profile that was reviewed with them during the program. However, whether participants provided copies of the report to their mental health prescribers as suggested by the program could not be determined. Nevertheless, it was encouraging that so many participants made the choice on their own to print such a report. Instances when participants discussed a report with their mental health prescribers during one of their study visits will be described in a separate report.
Despite concerns raised that cognitive impairments experienced by some with serious mental illness could interfere with their use of computers, this study demonstrated that few individuals experienced difficulties in navigating the program; in fact, many had had prior experience using computers. This study further demonstrated the feasibility of providing brief patient-focused interventions to individuals with serious mental illnesses within the mental healthcare setting. The computerized intervention was delivered in less than 15 min and could be made available to patients via kiosks in waiting areas prior to prescriber visits or alternatively, on secure websites on computers or smartphones for viewing at the patient's convenience.
This study had limitations, including the aforementioned ceiling effect imparted by higher than anticipated baseline rates of metabolic monitoring in study clinics. While a limitation, this afforded one of the first opportunities to evaluate providers' responses to abnormal metabolic profiles of individuals with serious mental illness in the context of near optimal levels of metabolic monitoring. In addition, randomization occurred at the level of the patient rather than the prescriber which may have led to contamination, in that having patients randomized to the computer intervention may have affected prescribers' metabolic monitoring practices in their patients randomized to the comparison condition. Although prescribers were not explicitly informed by study staff regarding how interventions were assigned to their patients, they may have been able to determine this during the course of the study (e.g., if their patients in the computer intervention group shared their summary monitoring report with them as encouraged by the program). However, any resultant bias would have been conservative as it could have affected both groups. Further, three (and often fewer) exposures to the intervention over the course of a 1-year period may not have been adequate to affect change in participants' metabolic parameters, in particular. In addition, since the educational pamphlet that could have been shared with prescribers was provided to all participants in the comparison group immediately prior to a visit with the prescriber, it may have had more effect than expected, particularly since only 60 % of participants in the intervention group printed their summary monitoring report that they could have shared with their prescribers. Finally, the feasibility of the intervention outside of an integrated healthcare system such as that in the VA in which metabolic monitoring can be conducted on site, and the results can be easily accessed by both mental health and medical providers via an electronic medical record, is not known.
In contrast to other programs that have intervened directly on prescribers or instituted system level changes to enhance metabolic monitoring, the intervention tested in this study enlisted patients as agents of change. This report contributes to the growing body of work (Bartels et al. 2013; Alegría et al. 2014) involving the development and testing of such interventions that encurage individuals with serious mental illnesses to participate more fully in both mental health and medical encounters in order to increase engagement in treatment, enhance quality of care, and improve health outcomes.
Informed Consent Informed consent was obtained from all individual participants included in the study.
